Abstract:-A rapid progress in the theoretical developments based on modulations of absorption cross section due to single and multiple scattering of an electron emitted from an inner shell by X-rays impinging on the target atom to understand the EXAFS and XANES in recent years and harnessing of the highly powerful synchrotron radiation source for the X-rays have bestowed immense capability on X-ray absorption spectroscopy for elucidation of chemical structure. Some spectacular advances made have been discussed with illustrative examples.
INTRODUCTION
X-rayabsorption spectroscopy has, in recent years, assumed an important role as a 2echnique of structure determination (ref.1) . A decided advantage of this technique lies in its structural application to complex biological or chemical systems, polymeric or amorphous solid, liquid or gas where single crystals are not available and other conventional methods fail to give unambiguous results. Infact, in the beginning of the century, X-ray spectroscopy first provided the experimental basis of the quantum theory of atoms leading to basic information on the electronic structure of atoms but in absence of intense continuum radiation sources, t h i s spectroscqy after the first quarter did not make touch headway. The sudden boost and credibility that the technique has recieved durimg the last decade is due to harnessing of the highly powerful synchrotron radiation source for X-rays where source brightness would give tuneable X-rays of intensity greater by several orders of magnitude than the X-rays obtained from any conventional source making it possible to probe the extremely metal-dilute systems like metalloenzymes and also enabling extremely rapid data collection (ref. 2,3) . Also a clear discerning of the theory of the Extended X-ray Absorption Fine Structure (EXAFS) by Sayers, Stern and Lytle (ref.4) and rapid theoretical progress on EXAFS (ref.5,6,7) combined with development of a sound theoretical base for X-ray Absorption Near Edge Structure(XANES) (ref.8.9.10) have enormously enhanced the scope of obtainable information regarding local structure that plays a key role on the properties of complex systems such as the biological functions of proteins, chemisorption of molecules on surfaces, electronic properties of amorphous materials and catalyst activities.
THE X-RAY ABSORPTION SPECTRUM
The intensity of X-ray beam is attenuated by passing through the sample leading to X-ray absorption spectroscopy. The absorption jumps, "edges" characteristic of each element in the sample arise where the incident photon has just sufficient energy to promote a core electron to unoccupied valence levels or to the continuum, thus, k-edge arises from 1s excitation, L-edge arise from 2s or 2p excitation and so on (ref.11). The-X-ray absorption spectrum is characteri -sed by a steeply rising energy vs. absorption coefficient (logIo/It) arc tangent shaped curve, called the absorption edge followed by a train of dampening fluctuations in the intensity to the high energy side, running over several hundred electron volts beyond the main edge ( Fig.la b) . The electronic transitions are decided by a number of considerations including the symmetry and overlap of wave functions and the covalent mixing parameters in and unoccupied orbitals. The spectra may be considered in four parts( Fig.2 1 : occupied i ) the pre-edge structure, ii) the absorption edge, iv) the structure beyond 50eV called EXAFS.
iii) the structure near the absorption edge (50eV) called XANES,and --I
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THE PRE-EDGE REGION
The assignment of electronic transitions to structures appearing in this region is basic to the assignment of bonding orbitals in the complex. In case of transition metal complexes having vacant low lying energy d-orbitals such an assignment is straightforward, namely Is-> nd (quadrupules transition A1=+2), a feature that may appear and be enhanced in intensity as a result of -mixing of d,s,p character in the orbitals ( roduced for example by covalent mixing and or tetrahedral symmetry). TRus, the absence of this feature on the Mo K-edge in Mo-Fe protein, clostridium , pasteurianum as against the enhancement of ls->4d transition on the spectra o t thiomolybdates, has recently led Cramer et a1 (ref.12) to eliminate tetrahedral geometry in the former (Fig.3) . In case of cobalt thiopropionic acid complexes, we have observed two small maxima in ls-->3d region attributable to the splitting of the 3d orbitals into 3d(t2g) and 3d(eg) under the influence of crystal field; the ener y separation being nearly the same as lODq value reported for the complex $ref. 13 1. 
THE ABSORPTION EDGE
The shape of the absorption edge which is determined by relative intensities and width of low lying bound state transitions contain information about the geometry of the metal complex and nature of the ligands present. The position of the absorption edge features are sensitive to the metal oxidation state and environment. According to molecular orbital approach, the X-ray absorption edge features correspond to electronic transitions to successive molecular orbitals (of the complex) having primarily metal character.
EXAFS
Although the bound state transitions could account for most of the structure within 25eV of the absorption edge, the theory did not give any satisfactory explanation for additional structures which are invariably observed, for part of XANES (i.e. the low energy Kosseel structure probing the empty electronic states) and entire EXAFS (i.e. high energy Kronig structure probing the local structures). The raging controversy between, "long range order theories" formulated in terms of Block wave for the excited photoelectron final state and "short range order theories" includinglinvolving photoelectron scattering by neighbouring atoms in case of Kronig structure were extensively studied by a number of pioneers (Kronig 1931 , Peterson 1936 , Kostarev 1941 , Hayashi 1949 , Savada 1958 , Kozlenkov 1961 , Azaroff 1963 , Lytle 1964 , Levy 1965 , Obashi 1967 but the breakthrough came with the work of Sayers et a1 (ref, 4) who showed that a single scattering "short range order theory", through proper interpretation of the phase, amplitude and frequency of the EXAFS oscillation can provide information about type, number and distance of atoms in the vicinity of the absorber (also ref. 14, 15).
The theory has been placed on firm foundation by the work of Ashley and Doniach (1975) (ref. 5) and Lee and Pendry (1975) (ref. 6 ). The new approach may be understood by considering that on absorption of an X-ray photon by an electron in the K-shell of a particular atom, the electron gets ejected. This is equivalent to spherical waves radiating from atom into the surrounding matter. Whenever the wave encounters other atoms, it will partially be reflected and will interfere with the outgoing wave. The net interference pattern at the nucleus of the initially absorbing atom will then modify the crosssection of the initial absorption process (Fig. 4) . The fine structure extending to several hundred volts produced by the progressively shortening wave-length of the spherical wave yielding additional nodes in the pattern. Sayers et al. showed that the effects can be theoretically unravelled from the Fourier transformation of the EXAFS spectrum. Thus, the EXAFS (K) is defined as the modulation of absorbing coefficient on the high energy side and can be givenbVthe expression: higher in energy is where &is the absorption cGgfficient in the absence of neighbouring atoms, &is the observed absorption, k is the photoelectron wave vector, Ns is the number of scatterers (S) at a distance Ras from the absorber (a), k(v,k) is the scatterers electron back scattering amplitude ,ds is the total phaseshift and q? is the mean suqare deviation of Ras. Thus, the frequency of oscillations is proportional to the distance between the absorber and the scatterers (i.e. the central metal atom and neighbouring ligands in a complex), the phase-shift 4 4 5 CU) due to electron atom back-scattering and propagation out of and back through the coulomb hole affecting both the frequency and the absolute phase of EXAFS. Also, the EXAFS amplitude will be proportional directly to the number of scatterers weig&d by their electron atom back scattering amplitude fSCv,k) and damped by an inverse square dependence on fluctuations of Rns (-r variable 1c is the photoelectron wave vector which is related to the photon where Eo is the energy threshold for an electron ejected from the absorbing atom. The use of Fourier transformation to analyse EXAFS was introduced by Sayers, Lytle and Stern. They showed that the major peaks in the transform correspond to important absorber-scatcerer distance but shifted to a lover 3 by a few tenths of an Angstrom. The transform peak height is related to the magnitude of a particular frequency component while peak position is related to half the average frequency of the component. The effective phase-shift (peak position-true distance) and effective per atom magnitude (peak height multiplied by square of the distance divided by scatter number) have to be obtained from analysis of model compounds and then the transform peak position and height can be used to predict scatterer distances which on being used for curve fitting analysis give final conclusion. An excellent illustration is provided bythe work of Cramer et al. (ref. 12 1 on nitrogenase, where the smooth shape and low energy position of the absorption edge show primarily sulphur ligation (Fig.3) and the final conclusion streaming from the three shall fit (Fig.5) 
BOND-ANGLE DETERMINATION FROM EXAFS
The EXAFS formalism based on single scattering suffers from a serious limitation that the distance determination can be made only upto about 41. It fails in situations where there is a "focussing" effect of the amplitude due to neighbouring atoms and the absorbing atom being arranged in a colinear fashion. In this case multiple scattering processes the intervening atoms must be considered. The single scattering formalism of EXAFS also does not give any information about the bond-angle except that in some cases such an information can be extracted by polarisation dependent measurement on single crystals. Recently Teo(ref.l7, 18) has developed a new EXAFS formulation which takes into account the effect of multiple scattering. He has given a method based on multiple scattering for determination of inter-atomic an le by EXAFS. This marks a major advance in the theory of EXAFS and it has fee, possible to calculate theoretical scattering amplitude and phase functions for various scattering angles. The method is applicable to systems with bond-angles greater thand00". Teo has shown that in a three-atom system ACC where A is the X-ray absorbing atom(ccntra1 atom), B is the nearest neighbour and C is the next nearest neighbour (Fig.7) , with a a s the bond angle ABC and (3 and 'f as scattering angles at atoms B and C; the EXAFS of the absorber A would comprise of two contributions one from the back scattering of B(designated as AB) and the other from the back scattering of C via the intermediary atom B(designated as AC) and the three pathways would be: (Fig. 7b) 
i) direct back scattering from A to C and back (viz. A-->C-->A), ii) multiple scattering via atom B (viz. A-->B-->C-->A or A-->C-->B-->A), and iii) multiple scattering again via intervening atom B (viz.A-->B-->C-->B-->A).
The EXAFS for an unoriented sample corresponding to the AC distance is then the sum of three terms representing these pathways, which can be simplified
Here both n & K )
and W g (PJK) are functions of the scattering angle p . , the EXAFS data can
XANES
As said earlier, the X-ray absorption near edge structure was assigned to the "partial local density of states" of the conduction band. The detailed calculations including hi h energy empty levels and final state effects as excitons and many body effects made it insurmountably difficult to proceed beyond the first 8 eV in metals and insulators. Molecular orbitals approach was invoked to explain, with only limited success the final states as calculated empty valence orbitals in the complexes. In the new approach scattering of the electron emitted froman inner shell modulates the absorption cross-section. At low electron energies absorption cross-sections are high and strong modulations in the cross section ixsults (Fig. 8) At higher energies weaker modulations occur as a result of weaker scattering which is the domain of EXAFS. In the XANES domain, the photoelectron is strongly back scattered generating a multiple scattering process. Bianconi and coworkers have assigned the XANES peaks extending from 8eV to 40eV above the threshold as multiple scattering resonances of the excited photoelectron scattered by neighbour atoms in continuum part of the spectrum in their investigations extending from simple systems to complex biological molecules and surfaces (ref.20,21,22) . Taking a clue that in the independent particle model the electron states are calculated from Schrodinger equation containing an effective potential function, Durham(ref.23) has shown that if the potentla1 around the X-ray excited atom is represented by a finite clusLer of non-overlapping scattering power is given by a t matrix for angular momentum L z (l,m), the rate at which the system absorbs X-rays of energy W%=1) by excitation from a core state C can be written as :
a 1-electron muffin-tin potentials each of whose where ( E = Ec+a ) and mi( E ) is an atomic-like dipole matrix element linking the core szate with high energy states (with angular momentum L) of the single muffin-tin potentials at,the excited atom (here given a site index i). The scattering path matrix TtLt summarises the multiple scattering paths relevant to X-ray spectra. Thus, he gave a general result for any array of non-overlapping scatterers as :
K, L" where g i 4 to sitek.
An excellent example of the use of XANES theory is provided bp the study of local geometry variation between the [Fe11(CN)6]4-and [FeI I(CN)6]3-clusters. The EXAFS gives very nearly the same distances for Fe-C bond for both the oxidation states but a very subtle structural change is expected to occur because of the effect of electron back donation between Fe and CN groups. The XANES show strong oscillations with an approximately lev relative shift of the edge to lower energy in the ferrocyanide complex (Fig.9) . describes the propagation of the free spherical wave from site i This result entails matrix inversion which is not so easy a task. (Fig.10) . It is seen that calcium XANES affinity sites perhaps on the external part of the protein. This is perhaps the only mezhod that gives direct information to the local structure change induced by magnesium. 
SOME APPLICATIONS
The use of EXAFS and XANES on some typical systems shall now be discussed. 1. A very useful illustration is found in the X-ray absorption spectra of Ru L-edges in Ru(NH )6C13 ( ref.27), recorded in transmission mode with the EXAFS spectrometer at SSRL using Si(ll1) crystals. A broad LI edge as observed as against narrow and intense peaks in the near edge region in LII and LIII spectrum; the most striking feature being two sharp resonances A and B exhibited by LII spectrum (Fig.1l .f. the unoccupied valence levels and showed that there are two allowed p-->d transitions for the LIII edge and only one for LII edge as experimentally found (Fig.12) by EXAFS which on account of lifetime cal6" sec) can give copper-ligand distances relating to the underlying static stereochemistry where X-ray crystallogrphic data would relate only to weighted thermal population of the various component structures. In (Fig.14) the EXAFS of the said compound shows no significant change in the spectra as against only one sharp resonance B' in LTI They have calculated the dipole transition intensities and (Fig.13 ). radial distribution about the copper on cooling from ca 300' to 77'K and the EXAFS is constant with six nitrogen atoms split into two shells at 2.04 and is 2.308, whereas the diffra tion measurement at room temperature indicated only one Cu-N distance of 2.151 (ref .29) as against two C-N distances of 2.06 and 2.228, at 120K. With more and more refinement in theory and more sophisticated instrumentation use is also being made of X-ray spectroscopy for surface studies(S EXAFS) and properties of alloys and catalysis.
